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Abstract. Model-Driven Architecture (MDA) is a framework for software development focusing on
models and model transformation. One of its models is the computation independent model (CIM),
which describes the system environment and requirements. Representing this model and transforming it
into a platform independent model (PIM) typically involves Requirements Engineering approaches and
diagrams. Although there are some approaches that propose CIM to PIM transformations, it is not clear
how Requirements Engineering concepts are related to MDA models. To improve the understanding of
MDA and to define which artifacts are expected from a Requirements Engineering perspective in CIM
to PIM transformations, this paper analyzes some proposals, found in a survey, and proposes a mapping
between a requirements reference model, the WRSPM model, and Model-Driven Architecture models.
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Introduction

agram is one of the components of the proposed PIM.

Model-Driven Architecture (MDA) is a framework for
software development that specifies three models [21]:
a computation independent model (CIM), a platform in-
dependent model (PIM), and a platform specific model
(PSM). Because it emphasizes the platform concept, the
MDA guide briefly describes the CIM and its transfor-
mation to PIM. Nevertheless, there are several different
proposals for CIM to PIM transformations, for exam-
ple, [1], [2], [5], [10], [14], [20], [25], [27], [28], [31],
[32], [34], [36], [37], and [38].

Because the requirements for the system are mod-
eled in the computation independent model [21], sev-
eral Requirements Engineering (RE) approaches and di-
agrams are used to represent this model and to trans-
form it into PIM. However, RE approaches and dia-
grams can be also used in the platform independent
model. For example, in [5] and [27], a use case di-

Because MDA specifies few characteristics and require-
ments for its models, it is not clear how RE concepts are
related to MDA models. Consequently, it can be diffi-
cult for an MDA user to define which RE artifact should
be used for which MDA model, or to extend an existing
CIM to PIM transformation. Moreover, encountering
the same model being used by different approaches at
the same level of detail could be considered a contra-
diction. However, there are studies that consider, for
example, use cases as part of the CIM [8, 14] or as part
of the PIM [5, 27].

In order to define which types of artifacts are ex-
pected from a RE perspective from each MDA view-
point, this study analyzes the models used by some CIM
to PIM transformations, found in a survey, considering
a requirements reference model, the WRSPM model
(meaning World, Requirement, Specification, Platform,
and Machine) [9]. This model was selected because it
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is method independent and it proposes a set of software
development artifacts from a RE perspective. Based
on this analysis and on the definitions presented by the
MDA guide and the WRSPM model, it is proposed a
mapping between WRSPM model artifacts and MDA
models. In addition to helping MDA users apply the
framework, this also improves the understanding of
MDA from an RE perspective'.

This paper is organized as follows: in Section 2, the
MDA and its models are discussed, and in Section 3,
the WRSPM model is presented. The survey and the
analysis of CIM to PIM transformations are presented
in Section 4. In Section 5, it is proposed a mapping
between the WRSPM model and MDA models. Next,
in Section 6 it is presented the related works. Finally,
the conclusions are presented in Section 7.

2 Model-Driven Architecture (MDA)

Model-Driven Architecture (MDA) is a software devel-
opment approach that focuses on models and model
transformation. Its primary goal is to improve porta-
bility, interoperability, and reusability through the ar-
chitectural separation of concerns [21]. In order to ac-
complish this goal, MDA specifies three models. Fig-
ure 1 represents these models and their transformations.
The computation independent model (CIM) is the first
model to be created in an MDA approach. It represents
the system requirements by describing the situation in
which the system will be used [21]. However, it de-
scribes the environment in which the system will oper-
ate, rather than the system structure. As a result, the
CIM does not specify technological or implementation
details and it can even be implemented without software
systems [17].

—
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Figure 1: Models (boxes) and transformations (arrows) in MDA.

MDA briefly describes the CIM and its transfor-
mation into PIM. The only requirement is that the PIM
should be traceable to the CIM [21]. Nevertheless, the
PIM is obtained from the CIM by taking into account
system details. Although it is more concrete than the
CIM, its main characteristic is its independence from
a specific platform. The platform concept is essential
to MDA and it is the difference between the PIM and
the PSM. According to Miller and Mukerji, a platform
is “a set of subsystems and technologies that provide

I'This paper is an extended version of [30].

a coherent set of functionality through interfaces and
specified usage patterns” [21, p. 2-3]. Therefore, a plat-
form can represent operational systems, programming
languages, or even development practices [17]. How-
ever, the concept of platform independence is a quality
that can have several degrees [21]. A PIM can exhibit
a complete independence to platforms, while another
PIM can be dependent to a specific platform ( for in-
stance, web services or CORBA), but still exhibit in-
dependence to other platforms (for instance, Microsoft
.NET or Enterprise Java Beans).

The last model defined by MDA is the PSM. It is ob-
tained from the PIM by taking into account the details
of a specific platform. However, other platform deci-
sions may be necessary to transform this model into ex-
ecutable code. In other words, the PSM can be either an
implementation model, which can be transformed into
code, or a PIM, and then transformed into another PSM
by taking into account a different platform.

3 The WRSPM Model

While the MDA focuses on software development mod-
els considering a specific approach, the WRSPM model
(meaning World, Requirement, Specification, Platform,
and Machine) provides a common basis for discussing
software development artifacts. It is based on the
ideas and concepts presented by Jackson and Zave
[11, 12, 35], and emphasizes the difference between re-
quirements and specifications - thus having a Require-
ments Engineering perspective. Artifacts are classified
into five groups according to their importance to the en-
vironment - the part of the world with which the system
will interact, and where the effects of the system will
be observed and evaluated [12] - or to the system itself,
as represented in Figure 2. These artifacts are [9]: do-
main knowledge, containing known and presumed in-
formation about the environment; requirement, indicat-
ing what the client needs from the system, described
as effects on the environment; specification, enabling
the system that satisfies the requirements to be built;
program, implementing the specification; and platform,
enabling the system to be programmed.

Specification

Domain Platform
knowledge

Requirement Program

System

Environment

Figure 2: The WRSPM Model [9].

Each of these artifacts can be viewed as a descrip-
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tion that uses a specific vocabulary comprising of prim-
itive terms. Some of these terms are shared among arti-
facts, just as the phenomena that they aim to denote are
also shared. These phenomena represent states, events,
and individuals that are organized into four classes by
the model: the ones that belong to the environment and
are visible or invisible to the system, and, similarly, the
phenomena that belong to the system and are visible or
invisible to the environment. According to this division,
only the visible phenomena are shared between the en-
vironment and the system. For example, in a library
computer system, an environmental phenomenon that
is invisible to the system is the arrival of new books;
a visible environmental phenomenon is the registration
of these new books; a system phenomenon visible to the
environment is the availability of these books for lend-
ing; and, finally, an invisible system phenomenon is any
change to the database record regarding these books.

Given these classes, the domain knowledge artifact
restricts the environmental phenomena. In addition, it
can also restrict the relationship between environmen-
tal phenomena and phenomena belonging to the system
that are visible to the environment [9]; for instance, in
the example of the library system, a restriction is that a
book becomes unavailable when it is lent. The require-
ment artifact adds other restrictions to the ones defined
by the domain knowledge artifact, considering stake-
holder needs. In other words, the requirements are de-
cided by the stakeholders. Using the library example
once more, a restriction such as a library member only
being allowed to borrow three books at any given time
can be part of the requirement artifact. On the other
hand, the platform artifact restricts the phenomena that
can be executed by the system, while the program ar-
tifact describes a class of possible system phenomena
with regards to the program. In the middle of the en-
vironment and the system, there is the specification ar-
tifact that uses their common vocabulary to determine
what the system must accomplish, with regards to the
environment.

4 CIM to PIM Transformations

MDA can be applied using different processes and
methods [16], as it does not specify or impose a soft-
ware development process. The framework only speci-
fies few characteristics and requirements for its models,
and discusses model transformation. Therefore, each
MDA approach can organize the three MDA models
differently into software development artifacts. An ar-
tifact is defined here as “the specification of a physical
piece of information that is used or produced by a soft-
ware development process, or by deployment and oper-

ation of a system” [24, p. 203]. By this definition, it is
possible for an artifact to have more than one model, or
for a model to be in more than one artifact.

Analyzing the MDA models considering the WR-
SPM model, both CIM and PIM can be related to Re-
quirements Engineering artifacts. The CIM represents
the environment in which the system will operate, thus
not describing system details. Depending on the plat-
form, the PIM may represent the system to be built,
without describing implementation details (the imple-
mentation details would be described considering a spe-
cific platform, for instance).

Although some approaches use a CIM as a require-
ment model and a PIM as a specification model, the
CIM and the PIM are not equivalent to these artifacts.
Depending on the approach, different mappings are
possible. Moreover, each MDA model can be broken
down into several models, and these models may be po-
sitioned in different WRSPM artifacts. For instance, the
domain knowledge artifact may contain an as-is process
model (representing the existing process); the require-
ments may contain a goal model [33]; and the specifi-
cation may contain a use case model. If an MDA ap-
proach proposes a CIM consisting of an as-is process
model, a goal model, and a use case model, it would
have elements from all these three artifacts. The map-
ping is even more complex because some sub-models
(for example, goal model, use case model, or process
model) can be used by different artifacts. For instance,
a use case model may be in a domain knowledge arti-
fact as a business use case, in a requirement artifact as
a use case at a summary level [3], in a specification ar-
tifact as a use case at a goal level [3], or even in the
program artifact as a use case at a subfunction level [3].
Therefore, each MDA approach may use a metamodel
differently, either in the dimension of MDA models, or
in the dimension of WRSPM artifacts.

4.1 Survey

To analyze the relationship between CIM and PIM
models, and WRSPM artifacts, we conducted a sur-
vey of CIM to PIM transformations considering some
important article databases: ACM, Elsevier, IEEE, and
Springer®. We carried out a search for papers that had
the words “CIM” or “Computation Independent”, and
“PIM” or “Platform Independent” in their titles or ab-

2 A definition of an artifact from the WRSPM model was not used,
because the model only states that an artifact can be viewed “primar-
ily as a descriptions written in various languages” [9, p. 38] - and a
model is more than a description [11]. Still, the definition used seems
to be compatible with the WRSPM model.

3This survey was conducted in April 24, 2012.
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stracts. Only papers that propose a CIM to PIM trans-
formation, describing both models, were analyzed. In
addition, when there was more than one paper writ-
ten by a research group, only the most recent study or
the study that described the CIM to PIM transformation
was considered. The results are presented in Table 1,
indicating the number of papers analyzed and ignored.
Considering the 48 results obtained in the survey, 7 pa-
pers were ignored since they are from different knowl-
edge areas (“Other area”) - biology, business, manufac-
turing, materials, metallurgy, and networks -, thus the
searched words have a different meaning; 2 results are
repeated papers (“Repeated”); and 7 describe previous
versions of a proposal (“Previous work™). In addition,
17 papers do not propose a CIM to PIM transformation
(“No transf.”). This is due to: a) there is no description
of the metamodels and the transformation (1 paper); b)
there is a proposition of another type of transformation,
using other models (2 papers); c) there is only the use
of an existing transformation (1 paper, which applied
the approach in [5]); and d) there is no proposition of
a transformation - for instance, they discuss the mean-
ing of the CIM [15], propose frameworks (e.g., [7] and
[4]), or describe a project developed using an MDA ap-
proach (e.g., [18]) - (13 papers). Therefore, the survey
obtained 15 papers that propose a CIM to PIM transfor-
mation.

Table 1: Results of the survey.

[ Results [ IEEFE [ ACM [ Springer [ Elsevier ]
Repeated - 2 - -
Tenored Previous work 2 - 4 1
No transf. 4 2 9 2
Other area 2 - 4 1
Analyzed 7 - 6 2

Most of the CIM to PIM transformations (9 of them)
focus on service-oriented systems, obtaining represen-
tations of services as PIM. Touzi, Bénaben, and Pin-
gaud [31] propose a transformation from a business
process, used as CIM, into a service oriented archi-
tectural model, used as PIM. The authors propose a
business process metamodel and some transformation
rules, obtaining a PIM, which is composed by three
views: a services view, an information view, and a pro-
cess view. The services view describes the services that
will be used; the information view represents the data
exchanged between the services; and the process view
represents the interaction and coordination between ser-
vices.

Using more than one model as CIM, Khreaff, Lefeb-
vre, and Suryn [14] propose using two activity diagrams

for this model: a business process model and a require-
ments model. The business process model represents
the activities that must be executed independently of
their automation, while the requirements model repre-
sents use cases, describing the activities considering the
system as an actor. The PIM is obtained from the re-
quirement model, and it is composed by a component
diagram and a stereotyped class diagram. Also using
two models as CIM, Che, Wang, and Ren [2] propose
a software development approach based on MDA. The
CIM is composed by a model representing the business,
the CIM-Business, and a model capturing the require-
ments from the business, the CIM-ESA. Each model
has three sub-models: a function process model, an in-
formation model, and an organization model. The PIM
has a business view, representing business objects, and
data and information models.

Using three models as CIM, Weber proposes tech-
nology independent CIM and PIM for message-based
communication of information systems [34]. The CIM
considers a memo model (MM), which is a data model
representing immutable documents (called memos), a
memo-order model (MOM), representing memos and
time relations between them, and a memo-flow model
(MFM), representing memos and actions that generate
memos. The memos are considered as messages in the
PIM, resulting in a data type interchange model, which
is obtained from the CIM. In [10] it is not presented a
full transformation, but a pattern that maps one type,
used by a model in the CIM, to a state machine, which
is part of the PIM. The proposed CIM is composed by
three models that are represented using a UML profile.
The business domain view (BDV) represents the exist-
ing business processes as use cases. This model is used
to create the business requirements view (BRV), repre-
senting the collaboration between the business entities
in two types of use cases. Finally, the business trans-
action view (BTV) defines “a global choreography of
information exchanges and the document structure of
these exchanges” [10, p. 58], represented by an activ-
ity diagram. The BTV uses some business transaction
types, and, in the proposal, one of these types is mapped
to two state machines, that serve as patterns. Each state
machine is considered as part of the PIM, specifying the
transaction for each entity involved in the transaction.

Differently from these studies, in [1] it is proposed
using service features both as a requirements represen-
tation and as a design element. These service features
are represented in a graph that describes two types of re-
lationships: constraints and refinements. The high-level
service features are part of the CIM, while the low-level
service features are part of the PIM. However, it is not
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specified what is the necessary refinement level to ob-
tain a PIM.

Some studies also focus on service-oriented sys-
tems, but they consider business value models as part
of the CIM. Zdravkovic and Ilayperuma [36] propose
an approach to specify and design business services, us-
ing business value models as CIM. Therefore, the CIM
is composed by three models: the value chain specifica-
tion (VCS), describing the value-adding processes; the
business process specification (BPS), describing eco-
nomical events, resources, and agents in each process;
and the business event specification (BES), represent-
ing the business services. On the other hand, the PIM
is composed by two models: a class diagram, using a
UML profile, and an activity diagram. The approach
defines a mapping to obtain the PIM models from the
CIM. Similarly, Zhang and Jiang [37] propose a CIM
to PIM transformation to obtain a BPEL model, which
is considered as a PIM. The CIM is composed by two
models: a business value model (BVM), and a model
that has an information systems perspective, composed
by a Business Information Model (BIM) and a Busi-
ness Process Model (BPM). The Business information
Model traces concepts of the BVM to information sys-
tems, while the Business Process Model both integrates
the other diagrams and represents the sequence of ac-
tivities, through different viewpoints. Finally, [5] de-
scribes a CIM to PIM transformation that is part of a
method to develop service-oriented systems. The CIM
is a business model, composed by two models: a value
model, and a business process model, using BPMN.
On the other hand, the PIM is an information sys-
tems model, composed by 4 models: a use case model,
adapted to represent the business services to be imple-
mented; an extended use case model, detailing the busi-
ness services; a service process model, representing the
activities carried out by a service; and a service com-
position model, representing the relationship between
services and other entities. The study discusses some
transformation rules, using ATL. (ATLAS Transforma-
tion Language [13]), and proposes a tool.

Some approaches consider other domains, instead
of service-oriented systems. Valderas, Fons, and
Pelechano [32] propose an approach to develop web
applications using MDA. The CIM is represented by
two sub-models: a task taxonomy model and an activ-
ity model. In the first sub-model, the tasks executed
by users must be refined until they are executed by
the system or the user - something they call elemen-
tary tasks. Then the elementary tasks are described in
a UML activity diagram and in information templates
that describe the information exchanged between the

user and the system. From these two models, it is pro-
posed a transformation to obtain a navigation model
(three other models are not detailed). This model rep-
resents the views of a class diagram, called context,
and the links between them, representing how one con-
text can be obtained from another. Considering the do-
main of business process execution, in [28] it is pro-
posed an approach to model and specify flexible busi-
ness processes, using process versioning. At CIM level,
a metamodel represents five views: process, functional,
operational, organizational, and informational. Each
view has a main meta-class that allows creating differ-
ent versions (or alternatives). A specific version of the
model is then transformed into a PIM, which is com-
posed by two models: a business process model rep-
resented using an extended BPMN metamodel to han-
dle versioning, and a Petri net with objects - which is
not discussed in the proposal - to formalize, validate
and simulate the business process. Prat, Akoka, and
Comyn-Wattiau [25] propose a CIM to PIM transfor-
mation in the domain of knowledge engineering. The
CIM used is the knowledge model defined by the de-
velopment method CommonKADS (even though the
method uses other models). This model “provides an
implementation-independent description of knowledge
involved in a task” [25, p. 3], and it is transformed into
a PIM composed by a Production Rule Representation
( PRR) model, defined by OMG [23], and by class and
activity diagrams - which are not described.

Differently from these approaches, three studies do
not consider specific domains. In [27], the CIM is com-
posed of a business process model, using the UML
activity diagram. This model is transformed, using
QVT (Query/View/Transformation [22]), into two mod-
els that are part of the PIM: a use case diagram and a
class diagram. The use cases must be detailed to obtain
actions, and the class diagram is considered as an initial
analysis model. This approach can be also used to deal
with security requirements, as described in [26]. The
CIM can use a specific UML activity diagram profile
representing security requirements, and the transforma-
tion results in models considering this non-functional
requirement. In another approach, [20] presents a trans-
formation to obtain a UML class diagram, which is con-
sidered as a PIM. Two diagrams compose the CIM: a
business process model and a concepts model (repre-
senting domain concepts and their attributes). These
two models are combined into an intermediate model,
which is transformed into a UML communication dia-
gram. This diagram is then transformed automatically
into a class diagram. Finally, Zhang et al. [38] pro-
pose a transformation from a feature model, used as a
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Table 2: Mapping of MDA models into WRSPM artifacts in the studies analyzed.

[ Study [ DomainKnowledge [ Requirement [ Speci fication [ Program [ Platform ]
[1] - CIM PIM PIM ? PIM ¢
CIM CIM CIM
21 (CIM-Business) (CIM-Business) (CIM-ESA) PIM -
PIM PIM
[5] CIM CIM (UC and Extended UC) | (Service process model and -
Service composition model)
CIM CIM CIM
(101 (BDV) (BRV) (BTV) PIM )
CIM CIM
(14] (Business process model) . (Requirements model) PIM )
[20] CIM - CIM PIM -
[25] CIM CIM CIM PIM -
PIM PIM
(271 CIM CIM (Use case) (Class diagram) )
[28] CIM CIM PIM - -
[31] CIM CIM CIM PIM -
CIM CIM CIM
(32] (Taxonomy model) (Taxonomy model) (Activity model) PIM )
[34] CIM CIM CIM PIM )
(MM and MOM) (MM and MOM) (MFM)
CIM CIM CIM
361 (VCS and BPS) (VCS and BPS) (BES) PIM )
CIM CIM CIM
(371 (BVM) (BIM) (BPM) PIM PIM
[38] - CIM CIM PIM -

2 Depends on the details of the features.

CIM, to a component model, used as a PIM. The feature
model represents relationships between features, i.e., a
set of requirements. To obtain the PIM, the authors
propose an approach that relates features to responsi-
bilities, which represents a set of program specifica-
tions, and the responsibilities to components. There-
fore, this approach uses an intermediate model that is
neither CIM nor PIM.

4.2 Analysis

Table 2 presents relationship between the MDA models
and the WRSPM artifacts for the 15 approaches found
in the survey. The CIM and PIM sub-models are only
described when they are spread into several artifacts,
thus representing which sub-model is in which artifact.

In general, the CIM comprises the domain knowl-
edge, requirement, and specification artifacts, while the
PIM is in the program artifact. However, some ap-
proaches have a different mapping. In [1] and [38], the
CIM is not in the domain knowledge artifact. In both
proposals, the CIM represents features, describing what
the stakeholders want for the system. Therefore, these
models do not describe presumed information about the
environment - they only describe requirements. More-
over, in [1] a single feature model is used as both CIM
and PIM. The difference between the service features

(represented in these models) is its refinement, although
it is not specified what is the criterion to be in each
model. Consequently, in this proposal the PIM can be
also in the specification model - depending on the crite-
ria. Moreover, the PIM can contain platform informa-
tion depending on the feature obtained through an oper-
ationalization refinement. This category of refinement
details a feature considering the target system, defining
operations, data representations, structures, constraints,
and/or agents [1]. Therefore, depending on the solution
considered, it may contain platform information. Nev-
ertheless, this model may be considered as a PIM, as
“platform independence is a matter of degree” [21, p. 2-
5]. Other platforms may be considered in the PSM, for
instance, a vendor specific platform. Another study in
which the PIM considers platform information is [37].
Because the PIM is described in BPEL, it contains in-
formation about a specific platform: web services.*
Similarly to [1], in [5], [27], and [28], the PIM is
considered as part of the specification artifact. In [28],
this is due to the fact the PIM only represents a version
of the business process, therefore it does not describe a

4Although web services can be considered as a design strategy,
they were considered here as a platform based on [29] and on the
definition of platform provided by MDA. On the other hand, service
orientation, object orientation, and the use of production rules, as so-
lution strategies, were not considered as platforms.
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program. In [5] and [27] the PIM is part of the spec-
ification artifact because it is composed by a use case
diagram, describing the interaction between system and
actors. At one hand, these models can be mapped to the
specification artifact, as they represent use cases at goal
level. On the other hand, it would be possible to map
these models to the requirement artifact, as a use case
diagram does not describe the behavior of its use cases.
Nevertheless, they were both mapped to specifications:
in [27], because the use case diagram is part of a use
case model that must contain other diagrams to repre-
sent the details of user and system interaction; in [5],
because this model is extended to represent services -
and not just use cases.

Another study that has use cases as one of its mod-
elsis [14]. However, differently from [5] and [27], a use
case is part of the CIM. Therefore, different studies use
a model as either CIM or PIM. Nevertheless, this is not
a contradiction. Because the specification is at the inter-
face between the environment and the system, this arti-
fact has both an environment description and a system
description [11]. In addition, this artifact is free of tech-
nological details, or at least it should be [35]. Therefore,
a specification defines a model of the system indepen-
dent of any platform. Thus, the content of a specifi-
cation can be seen as a CIM or the most basic PIM
- considering that a software development project us-
ing MDA may use several platforms, and, consequently,
several PIMs.

Finally, in [14] and in [20] there is no model in the
requirement artifact. In both approaches, because the
business process model represents the processes with-
out the system, it is in the domain knowledge artifact. In
[20], it is considered that all processes should be auto-
mated. Therefore, this model and the conceptual model
are also used as a specification 5. On the other hand, in
[14] there is another model, an activity diagram, which
is in the specification artifact since it specifies the be-
havior of a use case. Therefore, in this approach the
analyst must be able to create the specification model
directly from the domain knowledge.

3Similarly to [20], in [27] the business process model does not
describe the system, and the approach considers that all processes
should be automated. However, in [27] the business process is not
sufficiently detailed to be considered as a specification (the approach
generates a use case model, which can be considered in the specifica-
tion artifact). Therefore, it was considered in both the domain knowl-
edge and requirement artifact. On the other hand, in [20], the business
process model is more detailed, and there is a concepts model that
provides additional information. Therefore, these two models can be
also considered as a specification.

5 Mapping MDA Models onto WRSPM Arti-
facts

Table 3 presents the mapping of MDA models onto soft-
ware development artifacts, considering the WRSPM
model. This mapping was based on the generalization
of the previous analysis of existing CIM to PIM trans-
formations, and also on the definitions presented by the
MDA guide and the WRSPM model.

Table 3: Mapping of MDA Models onto WRSPM Artifacts.

MDA
CIM | PIM | PSM
Domain Knowledge X?
E Requirement X
& | Specification X X
Z | Program Xb Xb
Platform X &b X &b

2 This model cannot be in this artifact alone.
Y The artifact cannot have only this model.

All the artifacts within the environment boundary
are related to the computation independent model, as
MDA defines the CIM as the model that represents the
environment. Therefore, a CIM can be in the domain
knowledge, the requirement, or the specification arti-
facts, but not necessarily in all of these artifacts. MDA
specifies that this model “may hide much or all infor-
mation about the use of automated data processing sys-
tems” [21, p. 3-1]. Consequently, a CIM may not be
in a specification if all the information about the use of
the system is hidden - what is the case in [5] and [27].
On the other hand, it cannot be in the domain knowl-
edge alone, as this artifact does not have the concept of
a system that exists in a CIM.

As previously discussed, the PIM may also be in
a specification artifact when it is free of technological
details (for instance, in [1], [5], and [27]). Nonethe-
less, if a PIM contains technological details, it will be
in the program artifact - what is the case for almost all
the transformations analyzed. Similarly, when a PSM
is considered a PIM (in a transformation into another
PSM), it is necessarily part of the program, as it already
takes into account phenomena that are only visible to
the system. In this situation, the PIM also have infor-
mation about the platform used by the previous transfor-
mation. However, a PIM can be linked to the platform
even if it is not a PSM: some platform information may
be assumed and used directly by a PIM (for instance, in
[37]). As discussed in Section 2, the MDA concept of
platform independence does not necessarily mean that
the model is independent of all platforms. Therefore,
the PIM can be also part of the platform artifact, even
though a PIM can never possess all the platform infor-
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mation, nor can it be this artifact alone. At least the im-
plementation model - the PSM that can be transformed
into code - will also be in the platform and in the pro-
gram artifacts. Thus, the PIM also cannot have all the
content of the program artifact.

Finally, because the code is also part of the program,
the PSM cannot be the sole content of this artifact. The
PSM is also in the platform artifact, which can be seen
as all the platforms that are used by the system. Some
of these platforms are used to transform a PIM into a
PSM; others may be assumed in the PIM. Although the
PSM has some platform information, it cannot be the
platform alone; it must also be in the program to be a
model of the system. In addition, it cannot be the entire
platform as there is also part of it in the code.

6 Related Work

Another study that proposes mapping involving MDA
models is presented in [8]. That study considers the
metamodels of OMG standards related to MDA, map-
ping them onto the Zachman framework, an enterprise
architecture framework. Although it does not consider
RE artifacts, it discusses the relationship between sev-
eral diagrams defined by the UML metamodel that are
used in RE artifacts. While the activity diagram is
mapped onto all MDA models, the use case diagram
is only mapped onto the CIM. The idea is that the use
case diagram cannot be used as a specification because
it does not represent the details of a system and user
interaction. In other words, the use case diagram rep-
resents information about the domain knowledge or the
requirement artifact. The specification would be repre-
sented in other diagrams, for instance, an activity dia-
gram, which can represent the behavior of a use case
[24].

Regarding to the proposed mapping for the CIM, in
[15] it is presented another interpretation of its content,
from an Information System perspective. The authors
argue that the CIM consists of two abstractions: An ab-
straction of human information processing (HIM), rep-
resenting the business knowledge, and an abstraction
of software information processing (AIM), represent-
ing a software (or computational) interpretation of the
business knowledge (as rules, patterns, and algorithms).
Considering the WRSPM model, the HIM abstraction
could be represented in the domain knowledge and/or
the requirement artifacts, while the AIM abstraction
could represented in a specification artifact. Therefore,
the proposed mapping is compatible to the definition
presented in [15].

7 Conclusion

This study analyzes existing CIM to PIM approaches
found in a survey, mapping the proposed MDA mod-
els onto WRSPM artifacts. Based on this mapping and
on the definitions provided by MDA and the WRSPM
model, this study also proposes a general mapping of
MDA models onto WRSPM artifacts. The relationship
between these models and artifacts is not one-to-one:
an MDA model may be in more than one WRSPM ar-
tifact, and an artifact may have more than one model.
Therefore, each MDA approach may have models re-
lating differently to the WRSPM artifacts.

This mapping contributes to the understanding of
existing MDA approaches from a Requirements Engi-
neering perspective. Although these approaches pro-
pose different models, in general, the CIM comprises
the domain knowledge, requirement, and specification
artifacts, while the PIM is in the program artifact.
Moreover, this mapping highlights the possible con-
tent of the CIM and its distinction from the PIM, based
on the difference between requirements and specifica-
tions. Consequently, it may also help future MDA ap-
proaches in defining the content for each MDA model.
For instance, it is possible to use existing requirements
to specification transformations, e.g., [6] and [19], as a
starting point for an MDA approach.
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